We aimed at investigating whether the degree of adiposity is related to haemodynamic variables such as systolic blood pressure (SBP), diastolic blood pressure (DBP) and resting heart rate (HR), and to haemodynamic abnormalities such as hypertension and resting tachycardia. A cross-sectional study was carried out among young students in Ebonyi State University, Nigeria. A total of 710 subjects (350 males and 360 females) aged 20-25 years were recruited for the study. Resting blood pressure and HR of subjects were measured and the body mass index (BMI) was calculated from height and weight measurements. The observed prevalences in this study were as follows: overweight, 20% in males and 26% in females; obesity, 8% in males and 6% in females; hypertension, 17% in males and 14% in females; and resting tachycardia, 22% in males and 24% in females. In both genders, BMI showed significant correlations (Po0.001 or Po0.01 or Po0.05) with SBP, DBP and HR after controlling for age and physical activity status, and SBP indicated the strongest association with BMI. Furthermore, the prevalence of hypertension and tachycardia increased with an increase in BMI level, whereas overweight/obese subjects indicated significantly higher risk of hypertension than did the non-overweight/obese controls. The present findings therefore strengthen the previously reported usefulness of BMI in predicting cardiovascular risks and add to our understanding of the early development of obesity-related cardiovascular abnormalities in young adults and the need to prevent obesity early in life and to avoid its unfavourable lifethreatening consequences later in life.
Introduction
Young adult obesity is now one of the most challenging global health problems of the twentyfirst century because of its immediate impact on their physical and psychological well-being. More importantly, it is a risk factor for the development of chronic diseases later in life. 1 Recent studies have shown a significant increase in the prevalence of obesity in adolescents and young adults in both developed 2, 3 and developing countries. 4 In most previous studies on obesity, body mass index (BMI) is the most cited index for obesity because it approximates adiposity and fat distribution in adults. 5 In addition, it is simple, inexpensive and has been shown to predict cardiovascular risk and mortality. [6] [7] [8] BMI has therefore been recommended as an appropriate parameter to define obesity in adults. 9 Obesity is defined as a BMI of X95th percentile for age and gender. 10 Young adults with a BMI between the 85th and 95th percentiles for age and gender are defined as being at risk for obesity. 11 According to cutoffs suggested by the World Health Organization, individuals with BMI o18.50 kg m À2 are underweight, with BMI 18.50-24.90 kg m À2 are normal, with BMI of 25-29.90 kg m À2 are considered overweight and with BMI of X30 kg m À2 are considered as obese. 12 Previous studies have shown that obesity is associated with cardiovascular abnormalities, such as hypertension [13] [14] [15] [16] [17] [18] and high resting heart rate (HR). 19, 20 Hypertension is a strong predictor of cardiovascular diseases and death 21, 22 and is also an important component of the metabolic syndrome, 23 which is a risk factor for coronary heart disease. 24, 25 Several studies [26] [27] [28] [29] have also shown that a high resting HR is a strong predictor for death especially from cardiovascular diseases.
Limited data exist on the prevalence of overweight, obesity and hypertension in Nigeria, and to our knowledge, no published work has been found on the prevalence of resting tachycardia. Furthermore, limited data have evaluated the relationship of obesity with the prevalence of modifiable haemodynamic abnormalities, such as hypertension and resting tachycardia among young adults.
In this study, therefore, we attempted to assess whether the degree of adiposity (as expressed by BMI levels) is associated with haemodynamic variables (systolic blood pressure (SBP), diastolic blood pressure (DBP) and HR), and abnormalities such as hypertension (systolic and diastolic) and resting tachycardia, in young adults. In addition, we evaluated the prevalence of hypertension and tachycardia in young Nigerian adults, and the relative risk of overweight and obese young adults developing hypertension in comparison with their non-overweight and obese controls.
Materials and methods

Subjects
A total of 710 subjects who were students of Ebonyi State University (Ebonyi State, Nigeria) and aged 20-25 years were recruited to participate in this study. This study population was recruited by random sampling and consists of 350 males (mean age: 22±1.61 years) and 360 females (mean age: 21 ± 1.48 years). Each participant gave his or her individual informed consent to the study before participation. The Experiments and Ethics Committee of the University approved the study.
Anthropometric measurements
Each subject's height was measured without shoes to the nearest 0.1 cm with the use of a stadiometer with the shoulders in a relaxed position and the arms hanging freely. Weight was measured to the nearest 0.1 kg in light clothing without shoes using a standard scale. BMI was then calculated as weight (kg) divided by square of the height (m 2 ). BMI was used as the anthropometric index of obesity in this study because of its feasibility, reliability and tracking with adult obesity measures. 30 In most previous studies on obesity, BMI is most preferred not only because it approximates adiposity and fat distribution in adults 5 but also because it is considered a strong predictor of metabolic risks 31, 32 and is more closely associated with BP than with the other obesity indices. 33 Blood pressure and HR measurements Resting blood pressure was measured twice after 10 and 15 min of rest using the cuff-stethoscope manual method (mercury-column sphygmomanometer) and with the subject in a seated position in a quiet room. The appropriate adult cuff size was used to ensure accurate measurements and was placed on the right arm of the subject during the measurements. The average of the two blood pressures was used for data analysis. SBP and DBP were defined as the points of the appearance (phase I) and disappearance (phase V) of Korotkoff sounds, respectively. The reliability of the mercury column sphygmomanometer is specified in the 2003 Association for the Advancement of Medical Instrumentation standards for manual, electronic or automated sphygmomanometers. The resting HR was measured twice (after 10 and 15 min of rest) using the Omron electronic monitor (HEM-712C, Omron Health Case Inc., Vernon Hills, IL, USA), as well as manual counting. The values of the two methods correlated with each other. However, we used the mean of the Omron HR measurements as the resting HR in our data analysis.
Other assessments
Physical activity statuses of the subjects were evaluated using the IPAQ (International Physical Activity Questionnaire) for young and middle-aged adults. 34 The IPAQ comprises a set of four questionnaires that are used to assess the physical behaviours of participants at different times and places and the time spent in being physically active in the last 7 days. The reliability and validity of IPAQ has been tested and results suggest that it is an acceptable measure of physical activity in young adults. 34 On the basis of the IPAQ scores, subjects were classified as inactive, moderately active and highly active. These scores were recorded as categorical data (inactive ¼ 1, moderately active ¼ 2, highly active ¼ 3).
Subject classification and definitions
For this study, overweight was defined as BMI ¼ 25-29.9 kg m À2 and obesity was defined as BMI X30 kg m À2 . The adiposity levels of the subjects were classified into four groups by BMI (group 1, o18.5 kg m À2 ; group 2, 18.5-24.9 kg m À2 ; group 3, 25-29.9 kg m À2 ; and group 4, X30 kg m À2 ). Systolic hypertension (SHT) was defined as SBP X140 mm Hg and diastolic hypertension (DHT) as DBP X90 mm Hg in both sexes. Resting tachycardia was defined as a resting HR 480 b.p.m. 35 
Statistical analysis
Descriptive data are presented as means±s.d. Data analysis between the two gender groups was compared using the independent sample t-test. Pearson's bivariate correlation test was used to assess the linear relationships among BMI, SBP, DBP and HR. Independent associations among BMI, SBP, DBP and resting HR after adjusting for age and physical activity status were analysed using Pearson's partial correlation coefficient test. Genderstratified prevalence of obesity and haemodynamic abnormalities were calculated and the distribution of the indicated conditions between males and females were compared using the w 2 test. The relative risk of developing hypertension from obesity or overweight was estimated by calculating the odds ratio. All statistics were performed using SPSS (SPSS) for Windows (version 16.0; Microsoft Corporation, Chicago, IL, USA). Statistical significance was set at Po0.05.
Results
Demographic data and baseline characteristics of the subjects are expressed in Table 1 . The mean age of males was 22 ± 1.61, whereas that of females was 21 ± 1.48 years. Men indicated higher resting SBP and DBP than did the women. BMI and resting HR were not significantly different between males and females.
The observed prevalences of overweight, obesity, hypertension and resting tachycardia are as presented in Table 2 . Women indicated a higher prevalence of overweight than did men. Prevalences of the other factors, however, did not differ between men and women. Table 3 shows both linear and age-adjusted independent relationships among BMI, SBP, DBP and HR. Pearson's bivariate correlation test indicated significant positive correlations among the four variables. SBP had the strongest correlation with BMI, followed by DBP and then HR in both genders. HR had the weakest associations with BMI and the other variables. Independent relationships among the four variables were analysed using Pearson's partial correlation test. After controlling for age and physical activity status, BMI, SBP, DBP and HR remained significantly and positively associated in both genders. SBP also remained the strongest correlate of BMI, followed by DBP in males and females. We also observed significant correlations among SBP, DBP and resting HR in both genders with the resting HR indicating the weakest associations.
The observed prevalence of SHT, DHT and tachycardia was associated with the degree of adiposity in both males and females (Figure 1 ). Our data indicated that both males and females in group 3 indicated a higher prevalence of SHT, DHT and resting tachycardia than did the other groups ( Figure 1) .
The relative risk of developing hypertension from overweight and obesity is indicated in Table 4 . Overweight and obese men and women indicated a higher risk of SHT and DHT (Po0.001) than did the non-overweight/obese subjects.
Discussion
In this study, the overall prevalence of overweight and obesity was 20 and 8% for males and 26 and 6% for females, respectively, compared with 11.3 and 3.1%, respectively, reported earlier for young adult females in Nigeria; 36 34.2 and 28% for young males and 22.8 and 28.9%, respectively, for young females in the United States; 37 41 and 6.7% for young males and 31 and 7.3%, respectively, for young females in Australia; 38 and 22.9 and 7.5% young males and 25.5 and 13.4% females, respectively, in Scotland. 39 Our study further indicated that, in general, the prevalence of hypertension was 17% for males and 14% for females. The prevalence of SHT was 14% 43 3.5% (SHT) and 4.2% (DHT); in Pakistan, 44 7.4% for both SHT and DHT. The higher values observed in the prevalence of overweight, obesity and hypertension in this study may show the rapid change in lifestyle and eating behaviour among the Nigerian youths in the past decade, and may be a reflection of what may likely occur in the general Nigerian population. This, therefore, necessitates the need for effective prevention and health promotion programmes for young adults and for the collection of large-scale data at the national level.
It has been shown that high resting HR (tachycardia) is a strong predictor for death especially from cardiovascular diseases, [26] [27] [28] [29] and hence the need to determine its prevalence early in the young adult population. A novel aspect of this study, therefore, is the evaluation of the prevalence of resting tachycardia in young Nigerian adults. There are no internationally recognized cutoff points for tachycardia. However, the Europeans have suggested the cutoff point of 80 b.p.m. 35 We also used this cutoff point in this study, and our data showed an overall prevalence of 22% for males and 24% for females. Limited information exists on the prevalence of resting tachycardia in the young adult population. According to the US National Health Interview Survey of 1995, the prevalence of tachycardia generally was 1.6% in the United States. 45 The Australian National Health Survey of 2001 also indicated a prevalence of 1.7% for males and 2.1% for females in Australia. 45 Our results seemed very high when compared with these reported values. The reason for the high prevalence of tachycardia in this study may be the relatively small size of our study population, consisting specifically of young adults, unlike the US and Australian data that were very large and cutting across different age groups. Another reason may be the low cut point used in this study. We could not ascertain the cut points used to determine the prevalence of tachycardia in the above countries, but we believe that if a cutoff X95th percentile as used previously 46 is taken into consideration, the prevalence of tachycardia would have been much lower. In Africa, and specifically in Nigeria, no previous study to our knowledge exists on the prevalence of tachycardia in young adults. Although this study indicated a high prevalence of tachycardia, it however provides baseline data for the prevalence of tachycardia in young adults in Nigeria, and calls for a large-scale study at the national level.
Pearson's linear and partial correlation analysis (adjusting for age and physical activity status) indicated significant and independent positive associations between BMI and SBP, DBP and resting HR (Table 3) . These findings agree with previous studies. 44, 46 In contrast, however, other studies have shown independent correlation between BMI and DBP but not with SBP 47 or resting HR. 48 This study also indicated that of the three cardiovascular parameters, SBP showed the strongest association with BMI in both males and females and is in line with a previous study. 46 These findings show that in young adults, BP and HR are strongly related to the degree of adiposity, thus indicating the usefulness of BMI in predicting cardiovascular risks.
Obesity is an established risk factor for hypertension. Previous studies have shown that obesityis closely associated with blood pressure 8, 49 and hypertension in adults 50 as well as in children and adolescents. [13] [14] [15] [16] Studies have also shown that elevated HR is an important predictor of death and is caused by mainly by cardiovascular diseases. Resting tachycardia has been linked to the development of atherosclerosis and cardiovascular events in adults. 26, 27, 29 This study indicated that in young Nigerian adults, the prevalence of hypertension increased with increase in the degree of adiposity (Figure 1) . Similarly, the prevalence of tachycardia was associated with the degree of adiposity.
Our data further showed that of the 59 males who had hypertension, 44 (75%) were overweight and obese. The same trend was observed in females in which, out of the 52 cases, 41 (79%) were overweight and obese. In view of the above, we attempted to show the risk of developing hypertension from overweight and obesity in young Nigerians. Our data indicated that those who were overweight and obese were 12.9 and 11.8 times likely to develop hypertension than were their nonoverweight/obese controls, in men and women, respectively (Table 4a ). The same trend was observed in SHT and DHT in which overweight/obese subjects indicated significantly higher risks of developing hypertension than did their non-obese controls (Table 4a and b). These findings call for preventive strategies to curb obesity early in life to avoid its unfavourable life-threatening consequences among young Nigerians.
It is noteworthy that sympathetic overactivity may be closely related to hypertension and tachycardia in obese young adults. For example, a chronic increase in the sympathetic tone because of elevated blood pressure as in hypertension causes the downregulation of B-adrenal receptors leading to decreased cardiac, vascular, glucose and phosphate responses. 11 It has also been reported that the association between tachycardia and cardiovascular disease may be explained by the fact that tachycardia is associated with sympathetic activation, obesity and hypertension. 51, 52 Similarly, obesity has been linked to hypertension through the sympathoadrenal system. 53 Some studies have also suggested that overeating and subsequent weight gain is responsible for sympathetic overactivity, 53, 54 whereas others have shown that sympathetic overactivity might lead to excess weight. 20, 55 In conclusion, this study indicates that a substantial proportion of young university adults indicated obesity, hypertension and tachycardia. We also show that the degree of adiposity (BMI) indicated significant and independent relationships with SBP, DBP and resting HR, but of the three cardiovascular variables, SBP indicated the strongest association with BMI in both genders. Young obese adults indicated significantly higher prevalence of hypertension and resting tachycardia than did their non-obese peers, a situation that would predispose them to cardiovascular diseases and other health problems in future. These findings therefore strengthen the reported usefulness of BMI in evaluating the relationship between the degree of adiposity and cardiovascular parameters, such as blood pressure and HR and their abnormal states. They also add to our understanding of the early development of obesity-related cardiovascular abnor malities in young adults and indicate the need for pre venting obesity early in life and avoiding its unfavourable life-threatening consequences later in life.
What is known about topic K It is widely known that obesity is a risk factor for cardiovascular diseases, but limited data are available on the prevalence of overweight, obesity and hypertension in Nigerian young adults. K Few studies have evaluated the relationship of obesity with the prevalence of hypertension and resting tachycardia.
What this study adds K This study provided baseline data for the prevalence of resting tachycardia in young adults and added to the limited data on the prevalence of systolic and diastolic hypertension in Africa in general and in Nigeria in particular. K This study added and strengthened the knowledge of the usefulness of BMI in predicting cardiovascular risks and early development of obesity-related cardiovascular abnormalities in young adults.
